Phosphatidylinositol 3-phosphate induces the membrane penetration of the FYVE domains of Vps27p and Hrs.
The FYVE domain mediates the recruitment of proteins involved in membrane trafficking and cell signaling to phosphatidylinositol 3-phosphate (PtdIns(3)P)-containing membranes. To elucidate the mechanism by which the FYVE domain interacts with PtdIns(3)P-containing membranes, we measured the membrane binding of the FYVE domains of yeast Vps27p and Drosophila hepatocyte growth factor-regulated tyrosine kinase substrate and their mutants by surface plasmon resonance and monolayer penetration analyses. These measurements as well as electrostatic potential calculation show that PtdIns(3)P specifically induces the membrane penetration of the FYVE domains and increases their membrane residence time by decreasing the positive charge surrounding the hydrophobic tip of the domain and causing local conformational changes. Mutations of hydrophobic residues located close to the PtdIns(3)P-binding pocket or an Arg residue directly involved in PtdIns(3)P binding abrogated the penetration of the FYVE domains into the monolayer, the packing density of which is comparable with that of biological membranes and large unilamellar vesicles. Based on these results, we propose a mechanism of the membrane binding of the FYVE domain in which the domain first binds to the PtdIns(3)P-containing membrane by specific PtdIns(3)P binding and nonspecific electrostatic interactions, which is then followed by the PtdIns(3)P-induced partial membrane penetration of the domain.